Objective: In order to establish a method for qualitative identification and semi-quantitative comparison of sucrose in Macas by infrared spectral analysis. Methods: Six Maca samples with three color types and from two producing areas in Yunnan province (China) were collected. Fourier transform infrared spectroscopy (FTIR) of raw Maca, ethyl acetate extracts (EtOAc-E), alcohol extracts (EtOH-E) and extracted residues were recorded selectively. Comparative analysis and analysis-through-separation strategies were used to explore the FTIR analytical method for sucrose in Maca. Results: Sucrose was proved to be a component in the Lijiang purple Maca (LPM) sample by comparative analysis of FTIR and second derivative infrared spectroscopy (SDIR) with sucrose as a reference substance. Relative higher content of sucrose might be responsible for the distinctive absorption character of FTIR from LPM. With the aid of comparative analysis and analysis-through-separation strategies, conclusions could be drawn that all of the six Maca samples in this research contained some sucrose more or less. Furthermore, relative content of sucrose in the LM was higher than those in HM in general. Conclusion: An infrared spectrum analysis method for qualitative identification and semi-quantitative comparison of sucrose in different Maca samples was developed. Compared with other analytical methods, the developed method shows unparalleled charm for its inherent merits of convenient, fast, low cost, visual, efficient et al.
Introduction
Maca, Lepidium meyenii (Brassicaceae) , is an annual herbaceous plant native to the high plateaus of the Peruvian central Andes [1] . Its roots have high nutritional and medicinal value, which have long been used as food and ethnic medicine. Maca has many pharmacological activities such as anti-fatigue, enhancing immunity, increasing fertility, anti-inflammation, anti-cancer, anti-oxidation, anti-virus, lowering blood pressure and treating menopausal syndrome [2] .
Main primary metabolites of Maca were protein, starch, dietary fiber, fatty acid, etc. And secondary metabolites of Maca were Macamides, alkaloid, glucosinolate, sterol and so on [3] [4] [5] [6] [7] . Few reports about small molecule saccharides in Maca had been found [8] [9] .
FTIR plays an important role in the structure analysis of compound functional groups. Taking advantage of merits including direct, simple, fast and nondestructive, it also shows unique guiding role and unparalleled vitality in the analysis of complex mixture system [10] [11] . The FTIR of a complex mixture sample could be regarded as the nonlinear superposition of the infrared spectra of all compounds in the mixture. It has very strong fingerprint characteristics, just like the intrinsic fingerprint characteristics of the FTIR of a compound. Although heavy overlaps of absorption peaks might bring difficulties for analysis of complex mixture, the intact and original material information hidden behind those peaks was worth digging. SDIR, obtained by the second derivative processing of raw FTIR, was often used in FTIR analysis for the sake of higher apparent resolution. Based on Bill's law, infrared spectral analysis can also be used for qualitative and even quantitative analysis, just as other spectral analysis methods working. Based on this understanding, we have been focused on the infrared spectral analysis of complex mixture including traditional Chinese medicine, tobacco, tea, oil, in recent years [12] [13] [14] [15] [16] .
We had noticed that the FTIR of Lijiang purple Maca (LPM) shown distinctive absorption characteristic compared to those of others in our research work, and that was the work we are going to do. As part of our continuing research work, we look forward to disclose the material reason leads to the distinctive peaks.
Experiment

Apparatus
Frontier FTIR spectrometer (Perkin-Elmer) equipped with a deuterated triglycine sulfate (DTGS) detector was used. A 10 tons tablet press (Specac) was used for preparation of sample disk for transmission FTIR.
Samples and Reagents
Six Maca (Lepidium meyenii) samples，including color types of purple，black and yellow from Lijiang and Huize (Yunnan, China) producing areas respectively, were collected from local market in 2016. 
Procedure
All six Maca samples were smashed to 100 mesh after drying at 50˚C and reserved for test. 5.0 g Huize Maca (HM) powder was soaked in 50 mL extraction solvent (EtOAc and 75% EtOH) at room temperature for a week. Extract and extracted residue was prepared for IR test by centrifugal separation and rotary evaporation operations successively. Each pre-prepared sample (about 1 -2 mg) was blended with KBr (100 mg), grounded into powder (200 mesh), and then pressed into a tablet for recording the spectra.
Data Processing
The raw FTIR data was processed with Perkin-Elmer infrared spectrum software (Spectrum 10.0). The SDIR were obtained after normalization and Savitzky-Golay polynomial fitting (13-point smoothing) of the original FTIR after baseline correction. All functions mentioned above were integrated in Spectrum 10.0 and could be realized by tapping the keyboard.
Results and Discussion
Identification of Sucrose in LPM by Comparative Analysis of FTIR and SDIR Spectra
Overlap diagram of 30 FTIR spectra collected from 6 kinds of Maca samples was prepared ( Figure 1 ). As was shown in Figure 1 in Figure 1 . In addition, it was not difficult to see that both shape and position of those peaks was similar to that of sucrose, especially in the ranges of 3700 -2800 cm −1 and 1200 -900 cm −1 . As result, it is hard to deny some amount of sucrose existed in the LPM sample.
In view of higher apparent resolution of the SDIR, second derivative processing of FTIR of both LPM and sucrose was done. And two representative sections were chosen for analysis ( Figure 3) .
As was shown in Figure 3 , more characteristic peaks of sucrose could be found , etc. Accordingly, it was unambiguous that the LPM sample does contain some sucrose component.
Up to now, conclusion could be drawn undoubtedly that sucrose was existed in the LPM by comparative analysis of FTIR and SDIR between LPM and X. X. Wu et al. sucrose. The conclusion was consistent with literature [8] [9] , in which it was claimed that sucrose was extracted from Maca.
Identification of Sucrose in Six Maca Samples by Comparative Analysis of SDIR
To understand whether sucrose is a common ingredient of Maca, similar comparative analysis was carried out among SDIR spectra from six Maca samples as followed.
For both convictive conclusion and legible graph, only three necessary wavenumber ranges, including 3580 -3545, 3000 -2900 and 1000 -900 cm (HM) samples were too weak to use for identification of sucrose certainly. In fact, only SDIR of Huize purple Maca (HPM) had enough intensive characteristic peaks to identified sucrose unambiguously.
Identification of Sucrose in Three HM Samples by Analysis-Through-Separation Strategy
Analysis-through-separation is an efficient analytical strategy in infrared spectrum analysis of complex mixture system. As far as this paper concerned, sucrose is insoluble in EtOAc but partial soluble in 75% EtOH according to similar dissolve mutually theory. Therefore, it could be deduced that sucrose would be enriched in EtOAc extracted residue, but be lacked in EtOH (75%) extracted residue. What's more, these changes and differences would be recorded and displayed in SDIR. Hence, extraction experiments were designed and done.
As expected, sucrose characteristic peak sat 990, 943, 922 and 909 cm −1 from
EtOAc extracted residues (red) became intensive compared with corresponding peaks of HM in Figure 4 ( Figure 5 ). But, those peaks from EtOH (75%) extracted residues got rather smooth and became almost invisible.
The results indicated that sucrose was still a component in HM samples but just a minor component when compared with LM in general.
X. X. Wu et al. 
Conclusions
Through comparative analysis of FTIR and SDIR, it was confirmed that sucrose was existed in the LPM sample. Relatively high content of sucrose might be re- 
